tion, we mutated this position in the PGT minigene. As seen in Fig. 4B (lanes 4 and 5), this point mutation was enough to activate the nearly constitutive inclusion of the Alu exon in the mature transcript. As indicated above, the same mutation in the COL4A3 gene activates a constitutive exonization of a silent intronic Alu, resulting in Alport syndrome (10) . To assess the importance of our findings, we analyzed the entire content of Alus in the human genome and found that there are at least 238,000 antisense Alus located within introns in the human genome (20) . Of these, 52,935 Alus carry a potential ADAR2-like 3ЈSS, and 23,012 carry a potential PGT-like 3ЈSS. Our results suggest that many of these silent intronic Alu elements might be susceptible to exonization by the same single point mutation and are thus under strict selective pressure. Such point mutations in human genomic antisense Alus may, therefore, be the molecular basis for predisposition to so-far uncharacterized genetic diseases.
Because all Alu-containing exons are alternatively spliced (9) , they add splice variants to our transcriptome while maintaining the original proteins intact. Exonized Alus can, thus, acquire functionality and become exapted, i.e., adapted to a function different than their original (21) . When the splicing of an Alu exon is constitutive, however, the transcript encoding to the original protein is permanently disrupted, which could provide the basis for a genetic disorder. Identification of genomic Alus that are one point mutation away from exonization might therefore enable the screening for predisposition for genetic diseases that involve Alu exonization. Renu Sarao, 1 Kazuhiro Kikuchi, 4 Hiroyuki Kaneko, 4 Eiji Kobayashi, 5 Yasuhiro Kawai, 6 Ivona Kozieradzki, Meiosis is a fundamental process in sexually reproducing species that allows genetic exchange between maternal and paternal genomes (1, 2) . Defects in high-fidelity meiotic chromosome alignment or in genome segregation in germ cells result in aneuploidies such as trisomy 21 in Down syndrome. Aneuploidy is a leading cause of spontaneous miscarriage in humans and a hallmark of many human cancer cells (2) . Once homologs are paired, the chromosomes are connected by a specific structure: the synaptonemal complex (SC) (3) . SCs are zipperlike structures assembled along the paired meiotic chromosomes during the prophase of the first meiotic division (3). Although SCs were first discovered more than 45 years ago (4, 5) , only very few structural meiosis-specific components of the SC have been identified in mammals, such as SC proteins 1, 2, and 3 [Scp1 (also known as Syn1/Sycp1), Scp2, and Scp3 (also known as Cor1)] (3). Genetic inactivation of the mouse Scp3 gene results in male infertility due to a failure to form chromosome synapsis in meiotic prophase (6 (8) . Fkbp6 maps to human chromosome 7q11.23 and is commonly deleted in Williams-Beuren syndrome (8) , an autosomal, dominant, contiguous gene deletion disorder that encompasses at least 17 different genes and is characterized by a diverse array of abnormalities (9) . Here we show that Fkbp6 is an SC component essential for sexspecific fertility and for the fidelity of homologous chromosome pairing in meiosis.
To study the role of Fkbp6 in vivo, we cloned the mouse Fkbp6 homolog by reverse transcription-polymerase chain reaction (RT-PCR) from mouse testis RNA ( fig. S1 ). Mouse Fkbp6 mRNA expression was restricted to the testes (Fig. 1A ). Fkbp6 mRNA (fig. S1B) and protein (Fig. 1B) were found in the cytoplasm and nucleus of spermatocytes. Fkbp6 was lost as cells exited prophase I and was not detected in spermatids. In meiotic chromosome spreads, Fkbp6 protein was weakly associated with the chromosome cores before synapsis and SC formation at early prophase (Fig. 1, C and D) . At the pachytene stage, in which SCs are fully assembled, Fkbp6 was strongly localized to the SC (Fig. 1, E and F) . At the diplotene (late meiotic prophase) stage, in which the homologous chromosomes have initiated repulsion while remaining synapsed, Fkbp6 expression in the chromosome cores was markedly reduced (Fig. 1, G and H) . Fkbp6 was also present at the male-specific double dense body (DDB) associated with the X-chromosome core (Fig. 1E) . Moreover, at the pachytene and diplotene stages, Fkbp6 colocalized with Scp1 at the synapsed regions of autosomal chromosomes ( fig. S2 , A to D). As in male germ cells, Fkbp6 was strongly expressed at the synapsed cores during midprophase in female meiotic cells, and Fkbp6 expression declined thereafter ( fig. S2 , E to H). We detected Fkbp6 expression within the SC using immunogold labeling and electron microscopy (EM) of individual prophase chromosomes ( Fig. 1I) (10) . Thus, Fkbp6 is an SC component.
To determine the functional role of Fkbp6 in vivo, we generated mice deficient for Fkbp6 ( fig. S3 ). Both male and female Fkbp6-mutant mice are healthy and have normal life-spans. Extensive analysis showed that no other abnormalities could be detected in any tissues of male Fkbp6-deficient mice. Male, but not female, mice deficient for Fkbp6 were completely sterile. Testes of all
Fkbp6
-/-males were reduced in size ( Fig Fig. 2, F and G). The presence of Sertoli cells in the seminiferous tubules suggests that the intratubular environment was normal. Thus, loss of Fkbp6 results in male-specific infertility due to a complete block in spermatogenesis and cell death of meiotic spermatocytes.
Various natural aspermic rat and mouse mutants have been described (11, 12) . The overall histological phenotypes of natural mutant, aspermic as/as rats are very similar to that observed in our Fkbp6 -/-mice, including the presence of the inclusion bodies in spermatocytes (12) (13) (14) and apparently abnormal spermatocyte chromosomes (15) . The as/as phenotype is controlled by an autosomal recessive allele that maps to rat chromosome 12 in a region syntenic to the human WilliamsBeuren critical region (14, 15) . Therefore, a mutation in the rat Fkbp6 gene may be the causative mutation of as/as rats.
We amplified the entire Fkbp6 coding region from normal and as/as rats. The 3Ј Fkbp6 gene region in the mutant as/as rats was shorter than that of wild types (Fig. 3A) .
Comparison of the nucleotide sequence revealed that a 93-base pair (bp) region corresponding to exon 8 of the gene was deleted in the mutant rats (Fig. 3B) . Fine mapping showed that as/as rats harbored a genomic deletion of a 9357-bp region that includes exon 8 of the Fkbp6 gene ( fig. S5 ). Genomic deletion of exon 8 resulted in Fkbp6 protein expression from as/as testes that was unde- tectable by Western blot (Fig. 3C ) and immunohistochemistry (Fig. 3D) . However, the genomic deletion of exon 8 did not result in an apparent alteration in Fkbp6 mRNA expression (Fig. 3E) . Whether the genomic deletion results in an unstable Fkbp6 protein and/or expression of a mutant Fkbp6 protein that lacks exon 8 -encoded sequences needs to be determined. These data point to a critical role of the exon 8 -encoded region in the stability and/or function of Fkbp6 in meiotic cells. Thus, a genomic deletion including exon 8 of the rat Fkbp6 gene is causative for the aspermic phenotype in as/as rats.
Fkbp6 labels meiotic chromosome cores and, in males, the X chromosome-associated DDB (Fig. 1, C (Fig. 4 , B and C). We frequently observed the presence of one or two X-chromosome loops, i.e., autosynapsed regions of the X-chromosome core (Fig. 4D) .
In meiotic nuclei of Fkbp6 -/-cells, the numbers and localization of the Rad51/Dmc1 recombinase complexes appeared normal at the early stages of prophase (Fig. 4, E and F) .
-/-spermatocytes at later stages of meiosis that displayed chromosomal abnormalities showed massive accumulation of Rad51/Dmc1 expression at the chromosome cores (Fig. 4, It has been shown previously that in mutants that exhibit meiotic abnormalities, spermatogenesis frequently appears more severely compromised than oogenesis, suggesting sex-specific checkpoint differences (16) . For instance, Scp3 mutant males are infertile because of a block in spermatogenesis at the zygotene stage of meiosis, whereas loss of Scp3 in females results in reduced fertility with reduced litter size and an increased likelihood of aneuploid progeny (6, 7) . Because Fkbp6 is an SC protein in oocytes ( fig. S2, -/-oocytes progressed normally through all stages of meiosis and continued into late prophase and metaphase I. Alignment of chromosomes, chromosome pairing, Rad51/Dmc1 expression, and chromosome separation in meiotic oocytes of Fkbp6 -/-females also appeared normal (Fig. 5, A and B) . Male as/as rats are sterile, whereas females are fertile without any detectable abnormality (14) .
Whether loss of Fkbp6 in females results in aneuploidy in the offspring needs to be studied. Our data indicate that loss of Fkbp6 has no apparent effect on meiotic chromosome pairing and fertility in females.
To elucidate a potential mechanism for Fkbp6 function, we speculated that Fkbp6 might bind to one of the known SC proteins. We immunoprecipitated Fkbp6 from primary spermatocytes and analyzed Fkbp6-associated proteins using matrix-assisted laser desorption/ionization-time-of-flight mass spectrometry (17) . One of the associated proteins was identified as Scp1, and Fkbp6 and Scp1 colocalized in autosomal chromosome synapsis in wild-type spermatocytes ( fig. S2 , 
A to D). In Scp3
-/-spermatocytes, in which the axial cores are still intact and residual chromosome synapsis occurs in meiotic spermatocytes, Fkbp6 was expressed at the residual chromosome synapsis (Fig. 5, C and D) . Fkbp6 expression was also found at the full SCs in Scp3 -/-oocytes; Scp1 and Fkbp6 colocalized in these synapses (Fig. 5D) Fkbp6 associates with Scp1 and these two proteins colocalize at the sites of residual chromosome synapses that are present in Scp3 -/-spermatocytes. The sex-specific differences in male and female fertility and meiosis (16 ) 
in both Fkbp6
-/-and Scp3 -/-mice could be explained by functional redundancy between these two SC components in oocytes. It also will be important to determine if Fkbp6 interacts with other members of the SC such as Scp3 or Scp2. Moreover, the phenotype of Fkbp6 -/-males resembles Hsp70-2- (20) and Cyclin A-(21) null mice. In particular, the connection to the HSP70-2 protein needs to be explored, because other members of the Fkbp family have been shown to bind to heat shock proteins associated with steroid receptors (22) . Fkbp6 could also be involved in the control of meiotic checkpoints at the pachytene stage (23) .
An estimated 15% of couples worldwide remain childless because of infertility (24) . Few genetic causes of infertility have been identified in humans. Given our data from mouse mutants and spontaneously mutant rats, it may be interesting to test whether mutations in Fkbp6 account for idiopathic human infertility and whether some Williams-Beuren syndrome patients display infertility due to homozygous disruptions in the Fkbp6 gene. Our genetic data reveal a function for Fkbp-family proteins in the control of meiosis and male-specific fertility. The identification of Fkbp6 as a critical molecule in homologous chromosome pairing in meiosis suggests that other Fkbp6-family proteins might have a role in the control of chromosome pairing and chromosome stability in mitosis and cancer. Monocyte-derived dendritic cells (MDDCs) can efficiently bind and transfer HIV infectivity without themselves becoming infected. Using live-cell microscopy, we found that HIV was recruited to sites of cell contact in MDDCs. Analysis of conjugates between MDDCs and T cells revealed that, in the absence of antigenspecific signaling, the HIV receptors CD4, CCR5, and CXCR4 on the T cell were recruited to the interface while the MDDCs concentrated HIV to the same region. We propose that contact between dendritic cells and T cells facilitates transmission of HIV by locally concentrating virus, receptor, and coreceptor during the formation of an infectious synapse.
Dendritic cells (DCs) comprise a multivariate family of cell types whose principal function is in the primary initiation of immune responses. Myeloid-derived dendritic cells (MDDCs) patrol areas of the body that are susceptible to invasion by pathogens and engulf antigens for later processing and presentation to T lymphocytes. The human immunodeficiency virus (HIV) has apparently appropriated this feature of the immune system to better establish and maintain infection of its primary target, CD4-positive T cells. HIV is taken up by MDDCs through interaction between its envelope glycoprotein, gp120, and mannose C-type lectin receptors (MCLRs) expressed on the DC surface (1). The best characterized of these is DC-SIGN, a DC-specific C-type lectin (2) . Rather than having the DC-HIV interaction lead to infection of the DCs, the bound HIV is efficiently transferred to target cells (2, 3) . Further, HIV is internalized into a trypsin-resistant compartment, where its infectivity can be retained for an extended period of time before transfer (4).
Dendritic cells are remarkably efficient at enhancing infection of targets. When we exposed cultured MDDCs to a CCR5-tropic HIV-1 vector encoding the firefly luciferase marker and then added appropriate targets, infectivity was enhanced significantly over a large range of input virus (Fig. 1A) . We detected no luciferase activity when the Hut/ CCR5 targets were not included, which indicated that the DCs did not become detectably infected under these conditions. To verify that the infectivity of CXCR4-tropic HIV that was tagged with green fluorescent protein (GFP) joined with HIV viral protein R (Vpr) (5) was also enhanced by MDDCs, we performed a similar experiment using ␤-galactosidase indicator cells (Fig. 1B) . In addition to the enhancement seen under the coculture conditions, significant capture and transmission of infectious HIV was revealed by washing away unbound virus before challenging the target cells. All subsequent experiments used GFP-Vpr-labeled HIV, which allowed direct fluorescent imaging.
Cultured MDDCs are highly motile cells that tend to grow in suspension in vitro (6) . After exposure to HIV, MDDCs bound varying amounts of virion particles, from a few to a few hundred per cell. Images of different focal planes of a representative MDDC showed that most of the HIV was found at or near the cell surface (Fig. 1, C and D ; movie S1) (7).
We next asked whether the localization of HIV particles was altered when DCs contacted target cells. In a time-lapse experiment, two HIV-pulsed DCs were observed shortly after contact with adherent, CD4-positive cells ( Fig. 2; movie S2) . At the first time frame, the HIV was evenly distributed throughout both DCs. Within 6 min, the DC in the top of the frame began to spread out on the target, and the majority of the HIV relocated to the initial site of contact. Similarly, movement was observed in the other DC at 18 min. Although the HIV in the two DCs moved at different times, the majority of the particles moved within one 3-min time frame, which suggested rapid relocalization after cell-cell recognition.
To determine whether intracellular viral particles can also traffic to sites of cell contact, we performed time-lapse experiments on DCs that had been treated with protease after exposure to HIV. Much of the HIV signal remained after protease treatment, which suggested that these particles reside in an internal compartment not accessible to protease (4) . When the HIV membranes were stained with a lipophilic dye during viral production (5), most of the GFP-labeled particles remained associated with the membrane dye even after trypsinization, which suggested that they were internalized as intact virions (8, 9) . When the protease-treated DCs were immediately placed onto target cells, their adhesion to other cells was impaired. However, when the DCs were allowed to recover for an hour, adhesion was restored, and recruitment of the internalized viral particles occurred in a manner similar to that of DCs which had not been treated with protease ( fig. S1 , movie S2 to S5).
The recruitment of virus to sites of cell contact suggested a mechanism by which DCs might enhance viral infectivity. Antigen-presenting B cells interact with T cells to form a highly ordered, antigen-dependent junction known as the immunological synapse (10) . Interactions between DCs and T cells are less well characterized. One apparent difference is that DCs are known to form antigen-independent structures with T cells. This interaction results in the recruitment of T cell receptor, CD4, and other molecules seen in the immunological synapse and induces low levels of signaling in the T cell but does not lead to activation (11) . To determine
